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MAGNETIC RECORDING,:' APPARATUS 

Technical Field 
···.:· .... ·. 

The present invention relates to a magnetic recording 
....... ~ ··.; 

apparatus which can detect a high-precision tracking error 

signal with stabilit~, and can accurately record,- reproduce or 

delete information on/from a magnetic: reco.rdi ng medium such as 

a fixed magnetic disk or a floppy disk. 

Backgroun.d Art 

Conventionally, in a magnetic disk system which records 

information on a magnetic recording medium, a track pitch o! 

approximately 20.0 µ m has been employed and this is very broad 

as compared with a truck pitch of· approximately 1. 6 /J ni. on an 

optical recording medium, and mechanically rough track 

positioning has heen performed using a stepping motor o~ the -

like. However, in recent years, a track pitch or several # 

m-several tens of um has been desired in order to realize 

greater capacity. In Lhls case, a mechanism for more accurate 

track positioning than in the conventional magnetic system is 

necessitated. 

Figure 3 shows a structure of a conventional magnetic 

recording apparatus which detects a tracking error signal by 

._-A .·. 



-2-

using light. In figure 3, the conventional magnetic x-ecording 

apparatus has an emission beam 70 Cher~inafter, re:ferred to as 

'fbeam'" ) of linear ·polarized l.t"~ht; a semiconductor laser a 

light source 1 (herein-~tter, refeik:'ed to as a "light sourc·e" ) 
. . ' . . . . 

,. ''~!<· 

which outputs the beam70; a diffr~ction element 16 by which 
. .. . 

the beam 70 outputted from the light: source 1 branches into three 
. . ' . . 

be&lms; a magnetic recording medium 4 {hereinafter, referred to 

as a ''disk"}; an objective lens 17 which condenses the beam 

70 passing through the diffraction element 16 on the disk 4; 

a support 21 which supports the objective lens 11 and is able 

to adjust the position of the objective lens in a z direction 

in order to accurately fix the focus po~ltion on the disk 4; 

a photodeteetor 15 which receives the beam 70, whLch is 

reflected and diffracted by the disk 4·to pass th.rough the 

objective lens 1 7 again and .branches at the diffraction element 

16, to output an electrical signa1 in accordance with the 

quantity of received light; a signal processing unit 61 which 

processes the electrical signal outputted from the 

photodetecto:r 15 to output a tracking error signal; a magnetic 

head 14 which receives the tracking error signal outputted from 

the signal processing unit 61, and performs recording and 

reproduction of a tracking error signal detecting optical 

system and.information; an aperture 2 for narrowi.ng the beam 

70 which passes through the objective lens 17, to an appropriate 

spot size on t.he disk 4: a base 13 where the maqnetic head 14 
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and the aperture 2 are formed; and a driving unit 91 which adjusts 

the relative position.of the dis'k:4 and the base 13. 

In the diffraction element l:~; a region 16A is formed. on 

the surface of the side close to the.light source 1, and a region ........ •. 

16B is tormed on the su:r;+ace of the ~~posite side. The emission 

beam of linear polariz:ed light whic;'~!.;l.s outputted from the light 

source l is incident on the region 16A of the diffraction al~ment 

16, and branches into three beams, i.e., a zero-order diffracted 

beam and ±1st order diffracted beams. ·Three beams generated 

on the region 16A further branoh into plura.l beams on the region 

16B. In an optical patb w.hjch leads from the light source 1 

to the objective lens 17, a grating pitch of the region 16B is 

designed such that only the zero-order diffracted beam among 

the diffracted beams generated on the region 16B is incident 

on the aperture of the objective lens 17. Further, the beam 

70, which is reflected and diffracted by the disk 4 to be incident 

on the region 16B of the diffraction element 16, branches into· 

plural. diffracted beams, and only the +,st o.rder diffracted 

beams of these beams are received by the photodetector 15. 

Figure 4 shows the relationship be tween the disk and the 

converged beam in the conventional magnetic recording apparatus. 

As shown in figure 4, on the disk 4, guide grooves are·· formed 

in the middle of the respective adjacent tru.cks (regions where 

information is. recorded or reproduced by the magnetic head 14) , 

and a difference in reflectivity between the guide grooves and 
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the other parts allows the tracking e.~ror signal to be optically 
.... : .. ··· 

detected. In figure 4, ·Tn-1,. Tn, T;rt71 ••. are tracks, and Gn-1, 

Gn, Gn+l .•. a.re guide 9tQoves. The.:}~fack pitch pt and the widLh 
···.;·: .. :·:.. ..•.·;>'· 

.··.: · .. .'.•"· .. :~:.~~~;:;.~. 

of the guide grooves ai,e. set to be 2'.Q{J.tm and 2µm, respectively. 
. 0'. • . 

Further, in order to ob:-t.ain a: per.i~~ic signal according to the 
.;·(, . :!~~:~; 

rotation of the disk 4-j{<these guide?;groo:ves are intermittently 
'.. .>~/~.·· 

.·~{.~~~··:: 

formed also in the circumferential direction. When the disk 

4 rotates at 720rpm, the pitch pt' in the circumferentiai 

direction is set so that the frequency of the periodic signal 

obtained by the. guide groove crossing the beam jo in the 

circum~erential direction becomes 20kHz. 

In the beam 70, ~beam 70A is a zero-order diffrC:1.c.::Led beam 

generated on the region 16A of the ·•diff:r:action element 16, and 

beams JOB and 70C are ..L 1st ordeL: _:d_iffracted beam.:s generated 

on the region 16A of tbe diffracti~n element 16. Three beam~ 

70A-70C are spaced at pt/4 intervai;s to the guidP. groove on the 

disc 4, respectively .. 

Fjqures S(a) and S(b) sho~ grating patterns of the 

diffraction element in the conventional magnetic recording 

apparatus, an~ fiqure S(c) shows the relationship between the 

"photodetector and tbs beam.s in the conventional magnetic 

J:ecording apparatus. · As shown in figures 5 {a) and 5 (b), each 

or the grating patterns formed on the regions 16A and 16B of 

the diffra.ction element 16 is a pattern of a constant pitch. 

The grating patterns on the region 16A and on the reqion 16B 
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rectangularly cross each other. As shown in figure 5(c), ± 

1st orde.r diffracted· J?eams 71 and 72 r·eceived by the 
.. 

beams photodetector 15 comprise three 71A-71C and 72A-72C, 
. ~ .. ; 

respectively. The pb~~odet.ector °'15 has six photosensitive 
.· .. ··. 

parts l5A-1SF, and t~~: beam 71A :.t.::r received by the 
\·.:. 

''.·· 

photosensitive part lSB . ·' , the beam. 71B is received by the 

photosensitive part lSA, the beam 71C is received by the 

pnotosensitive part lSC, the beam 72A is received by the 

photosensitive part 15E, the beam 72B is received by the 

p·hotosensitive part 150, and the beam 72C is received by the 

photosensitive·part lSF. 

As shown in figure S(c), the light source~ is arranged 

on the photodetector 15 that is fabricated on an etched silicon 

substrate. Further, a mirror 150 is formed on the silicon 

substrate, and the beam 70 which is outputted from the light 
·-

source 1 is reflected ,at the mirror 150 to be outputted in the 

z-axis direction perpendicular to an X:-Y plane.where the 

photosensitive parts lSA-lSF of the photodetector 15 are 

formed. 

Figure 6 is a circuit block diagram of the signal 

processing unit 61 in the conventional magnetic recording 

apparatus. As shown in figure 6, the photosensitive parts 15A, 

15B and lSC (or 150, 15E and lSF> of the photodetector 15 are 

~onnected to current-voltage converting uni ts 355, 354 and 353 

{hereinafter, referred to as I-V converting unit~ for short), 
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respectively. Thereby, the elect.r·ical signals outputted from 

the photosensitive parts lSA, 15B arid 15C Cor lSD, lSE and 1 SF) 

of the- photodetector 15 are conver:l::ed into voltage signals by 

the I-V converting units 355, 354 -~nd· 353, respectively. The 

voltage signal v5 (or v6, v7} outp1.1°tted from the I-V converting 
.::. .=. . . :: ·:~ . 

. .-:~·=··; 

units 3~5, 354 or 353 b_g·comes a per~~dic signal of 20kHz as shown 
-:. ,:. ... ·;: .. :~· 

in figure 7(a), in a sta~e where the disk 4 is rotating. At 

this time, .a maximum value of vs, v5' ', is an output value in 

a state where there is no guide groove within the beam. A 

·minimum value of vs, vS', is an output value in.a state where 

the disk 4 rotates and the.reby the beam rests on the guide groove. 

When the beam center coincides with the center of the guide 

groove in the X direction, I v5' '-v.5' I takes the maxim.um value. 

When the beam 70 is being displaced in proportion to time 

t in a state where the disk 4 is rotating, v5 (or v6, v7) is 

as shown in tigure 7(b). On the other hand, when the beam 70 

has a displacement x from the center of the guide groove Ce. g .. , 

Gn) of the disk 4, an envelope curve vS' (or v6', v7') of the 

minimum value of the 20kHz periodic signal has such a waveform 

that the envelope curves are approximately repr~sented by 

formulas (1)-(3), respectively. 

formula (1) 

v5 '=A1·cos (2 7t x/pL) +Bl 

formula (2) 

v6 '-..A2•sin (2 n: x/pt) +B2 
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for.mula (3) 

v7 '=--A3 ·sin <2 n: x/pt) +B3 
··.-:. 

In formu~as ( 1) - C 3) , Al-A3 ~re amplitudes, and Bl-B3 are 

DC components. Here, a ratio of .the· amplitude to the DC 

component in eachotv5~-v7', t:ha(>~s, Al/Bl (orA2/B2, A3/B3) 

is referred to as a mo:ciulation fadibr MOD. As shown in figure 
·:·,:,I: 

6, the I-V converting units· 353 and 354 are connected to a 

differential arithmetic unit 374 th.rough variable qain 

amplifying units 476, 477 and envelope c:u.rve detecting units 

356, 357, respectively. Thereby, the voltage signals vS and 

v6 outputted from th~ !-V converting units 353 and 354 are 

adjusted in the variable gain amplifying units 476 and 477 such 

that the maximum amplit_udes (Al+Bl shown in figure 6) of the 
'I"' 

periodic signals become equal to each other, and then detected 

as displacement signals v5' and v6' in the envelope curve 

detecting units 356 and 357, respectively. The displacement 

signals v5' and v6' are subjected to differential calculat;on 

in the diffe~ential aTtthmetic unit 374, and the result is 

outputted as a volta9e signal v8. Further, the voltage signals 

vs and v7 outputted from the I-V converting units 354 and 355 

are ad.justed in the variable gain amplifying units 478 and 479 

such that the maximum amplitudes of the synchron~us si9nals . 
become equdl to each other, and then detected as displacement 

signals vs·, and v7' in the envelope curve detecting units 358 

and 359, respectively. The displacement signals v5' anrl v7' 
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are subjected to differential calculation in the differential 
. ~ . 

arithmetic unit 375, and the resuit· is outputted as a voltaqe 

signa.1 v9. 
·.·. 

The voltage signals v8 and v.9 outputted from. the 
: :--

difrerential ariLhmetit units 374 ~hd 375 have sine waves where .. ·,: .. :;·· 
·, · ..... · 
•·:":.·: .. 

the :r;espective phase~{ differ from\.each other by 7t /2 as 

represented by formulas (4) and (5), respectively. 

formula {4) 

v8 ... A4 ·sin ( 2 1t x/pt+ 11' I 4 J 

formula (5) 

v9=A4 ·sin (7. 7C x/pt-11: /4) 

In formulas (4) and (5), A4 is an amplitude. The 

differential arithmetic units 374 and 375 are connected· to an 

arithmetic unit 433 through the variable gain amplifying uni ts 

474 a.nd 475, respectively. Thereby, the voltage signals v8 and 

v9 outputted from the differential arithmetic \lnits 374 and 375 

are adjusted to. have desired amplitudes in the variabl.e. gaiti ... 

amplifying units 474 and 475, respectively, and thereafter, 

these voltage signals are added in the arithmetic unit 433 to 

be outputted as a voltage signal vlO. The voltage signal vlO 

has a wavefo.c.-m as represented by formula ( 6} and is outputted 

trom an output terminal 403 as the tracking error signal. 

formula (6} 

v10=K3·P.4 ·sin (27tx/pt+1t /4) +K4 ·A4 ·sin ( 2 7t x/pt- 7t / 4) 

erK3 • ZV.1 •sin { 2 7C x/pt+() l) +K3 ·A4 •sin(/. 7C x/pt+ 7t /2+() 1) 
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In formula { 6) , ·K3 and K4 are gains of the variable gain 

amplifying units 474 ~nd 475, resp~:ctively, anci 4>1 is -x/4. 

The tracking error signal vlO become$ a signal having arbitrary 
·, .. ~ .'· 

phase and amplitude by suitably sei~'cting the gains K3 and K4 . 
. : ... ·· 

Next, a tracking operation iri the magnetic recording 
. ··-.·.· .· 

apparatus so construct~d will be described. 

As shown in figure 3, the emission beam 70 of the linear 

polarized light outputted from the light source l is incident 

on the region 16A of the diffraction e.lement 16 and branches 

into three beams, a zero-order diffracted beam and ±1st order 

diffracted beams. Three beams so generated on the region 16A 

further branch into plura~ beams on the region 16B. However,. 

only zero-order dif_fracted beams among the diffracted be.ams 
.. 

generated on the .region 16B are incident on the aperture of the 

objective lens 17. These three diffracted b.ea.ms 70A-70C are 

converged on the disk 4 by the objective lens 11 (figure 5). 

The beams 70A-70C, which are reflected and diffracted 'by the 

disk 4, pass through the objective lens 17 aqain, are inci:dent 

on the region l 6B of the diffraction element 16, and branch lnto 

plural diffracted beams. Only ±1st order diffracted beams 

71A-71C and 72A-72C of lhe branched diffracted beams are 

received by the photosensitive parts 15A-15F of the 

photodelector 15 (figure 5{c)). The photosensitive parts 

15A-15F of the photodetector 15 output electrical signals 

according to the quantities of the respective light beams 
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received, to the sign.al pr~cessing uni.t 61 ( fi°gure 6) . The 

electrical signal is proceRRed bi ~he signal processinq unit 

61, and outputted as a tracking error _signal to the driving unit 
.• .. . 

91. On receipt of the trackinq errbr signal, the driving unit 

91 adjusts the relative position. of'··_the base 13, which includes 

the optical system and the maqneti.b head 14, and the disk 4. 

Thereby, tracking is performed on the desired track. 

However, in the conventional magnetic recording 

apparatus so constructed, since the signal separation 

characteristics of the photosensitive parts 15A-15F ot the 

photodetector 15 are not necessarily securable enough on the 

structure, crosstalk of several percent has occurred between 

the output signals from the photosensitive parts 15A and 15B 

(or 150 and 15E), o~ th~ photosensitive parts lSB and lSC (or 

lSE and lSF) . Further, with miniaturization or the like of 

devices in these days, opportunities where dP.vice components 

are closely arranged have increased. Therefore, cro~stalk 

between the signals is inevitable to some extent, due t-0 

influences of interconnections in the signal proce~sing unit 

(flexible substrate, a pattern of PCB or the like). When th~ 

crosstalk ratio between t:he output signals is f , the modulation 

factor MOD of the above-mentioned signal v5' {or v6', v7' ) is 

a value represented by Formula 1. 

Formula l 

MOD-= { .J<I + E cos a) - ~ E cos a } I { ~(1 + E cosa) + ~ E cos a } 
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In Formula 1, a is a phase difference of 20kHz frequency 

waveforms between the' output signa.ls. When the 

circumferential direct-ion pitch C)f} quide grooves on the disk 
. ··~· 

is pt' and the beam interval is d,·.:.~'. is represented by formula 

( 7). 

formula (7) 
·.·'.· 

a=2 ?rxd/pt • 

However, since the periodic signal is always constant 

(20kHz) regardless of the beam. position on the disk, the 

circumferential direction pitch pt' of guide grooves on the disk 

4 varies according to the positions of the guide grooves in the 

radial direction on the disk. In the case of an 3. 5-inch disk 

that rotates at 720rpm, the circu~ferential direction pitch pt• 

successively varies so as to result. in pt ·=soµm on the most 

internal circumference of the magnetic recording region and 

pt'=160,t.Llll on the most external circumference. on tho other 

hand, since the beam interval dis always constant, the.phase 

difference a of the periodic signal varies on the internai and 

external circumferences of the disk in inverse proportion to 

the circumference pitch pt• as represented by the formula ( 7). 

Accordingly, as shown by Formula 1, since the modulation 

factor MOD is represented by a function of the phase difference, 

a, the modulation factor MOD varies on the internal and external 

circumferences of the disk. Therefore, the phase difference 

between the signals v8 and v9, which difference is inherently 



-12-

to be n/2, has errors to n/2, resµlting in tracking errors. 

The pres··ent invention is made to. solve the above­

described problems and has, tor 1·t;s object, to provide a 

magnetic recording apparatus wi th.:::·reduced tracking errors. 
·~ .. ; 

i· ' 

._;_; .·. 

Disclosure of the In~ention .. 

A magnetic recording apparatus according to Claim 1 of 

the present invention comprises: a disk-shaped information 

recording medj um on which periodic physical changes providing 

changes of reflectivi~y are formed; a light source which outpu'ts 

a light beam; a diffraction element which receives the beam 

outputted from the light source and qen~.rates three beams; a 

light-converging optical system which converges the beams 

generated by the diffraction clement on the information 

recording medium as a microspot; a photodetection means having 

three photosensitive parts which receivP. beams reflected and 

dit;Eracted by the information ·recording medium and ag.ain 

transmitted· in the aperture of the light-converging op~ical 

system, and. output signals in accordance with Lhe quantities 

of received light beams, respectivelyi a signal processing 

means which processes the signals outputted from the 

photodetection means to output a: tracking error signal; a 

driving means which receives the tracking error signal 

outputted from the signal processing means, and determines a 

position of the beam ·on a desired track; a magnetic head which 
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records information on the information recording medium, or 

reproduces or deletes information .~rem the information 

recording medium; wherein the sign~ji processing means includes 

a cancel means whi.ch cancels crosstalk that occ:::urs between the 

signals outputted from three phot9i:s1;nsitive parts of the 

photodetection means. · . ·· .. · · .. 

Accord1ng to the present invention, crosstalk which 

occurs between photodetection signals can be canceled, an 

influence of crosstalk.between signals on tracking error is 

reduced, and a high-precision tracking error signal can be 

detected. 

Further, according to the magnetic recording appai:atus 

of Claim 2, in the magnetic recording apparatus of Claim l, the 

signal proce~::slng means cancels crosstalk which occurs .between 

signals by the cancel means / and detects a tracking error signal 

with reduced error. 

Accoi:;ding to the present invention, crosstalk which 

oCCllrs between photodetection · signals can be canceled, ·an 

influence of crosstalk between s19nals on tracking errox 

detection is reduced, and a high-precision tracking error 

signal can be detected. 

Further, according to the magnetic recording appara·tus 

of Claim 3, in the magnetic recording apparatus ot Claim 1, the 

cancel means cancels crosstalk from at least a signal among the 

three signals outpott.P.n from the photodetection means, to the 
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-other signal. 

According to the present invention, crosstalk whieh 

occurs between photocie.tection sig~"-ls can be canceled, an 
: ·. .. ··.,:·:'.:: 

influence of crosstalk between s_i:g'hals on tracking error 
····· .• ·:,"i 

detection is &educed, .. and a high~~-~ecision tracking error 
'.: . . ~ 

si9nal can be detected.~. · 

.· . 
. . : .. ·: ::' ~ 
.::·'·' 

;:.·: 

Further, ac,cording to the magnetic recording apparatus 

of Claim 4, in the magnetic recording apparatus or Clairn· 1, the 

·cancel means comprises: first and second voltage-dividing means 

which perform vol.tage division on an output signal. from a first 

photosensitive part of the·photodetection means; a first 

d.itrerential. arithmetic means whlcll pe,forms differential 

calculation on an output signal from a second photosensitive 

part of the photodetection means arid an output signal from the 

first voltage-dividing means; a· second differential arithmetic 

means which performs differential ealcul ntion an output signal 

from a third photosensitive part of the photodetection..means 

and an output signal from the second voltage-dividing means ... 

According to the present invention, crosstalk which 

occurs between photodetection signals can be canceled, an 

influence ot crosst~lk between sigm1ls on tracking error 

detection is reduced, and a high-precision tracking error 

signal can be detected. 

Further, accordi~g to the magnetic ~ecording apparatus 

ot Claim 5, in the magnetic recording apparatus of Claim 4, the 
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first and second voltage-dividing·~eans have voltage-dividing 

. ratios approx.imately equal to the.~.X:atio at which the output 

signal from· the first photosensiti"ye part crosstalks to the 
:·, 

output signals from t}?;e second and.Ji:hird photosensitive parts • 
.' .. =~.-:_,;;_:·.~ 

According to tbe· '.present inV~ntion, cross talk which 
.... :·,':! 

occurs between photode.tection sig~als can be· canceled, an 
. '; . ·.·. 

"-.:,:·-

influence of crosstalk" between signals on tracking error 

detection is reduced, and a high-precision tracking error 

signal can be detected. 

Further, according to the magnetic recording apparatus 

of Claim 6, in the magnetic recording apparatus of Claim 4, the 

first and second voltage-dividing means comprise resistors. 

According to the present invention, crosstalk which 

occurs between photodetection signals can be canceled, an 

influence of crosstalk between signals on trackinq error 

detection is reduced, and a high-precision tracking error 

signal can be detected. 

Brief Description o!· the Drawings 

Figure 1 is a diagram illustrating a structure of a signal, 

processing unit according to a first embodiment of the present 

invention. 

Figure 2 is a diagram illustrating a cancel circuit 

according to the· fir·st embodiment of the present invention. 

Figure 3 is a diagram illust~ating a structure of a 
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conventional magnetic recording apparatus. 

Figure 4 is a di;:igram illu~t:rating the relationship 

between a conventional _magnetic r·etording medium and a 

condensed beam. 

Figures 5(a) and .Cb) are dia~rams illustrating 

conventional qrating pa·tterns of df~:Efraction elements. Fiqure . . . . . · .. ~ 

sec> is a di~gram illustrating the relationship between a 

conventional photodetector and beams. 

Figure 6 is a. diagram illustrating a ::;tructure or a signal 

processing unit of the conventional magnetic recording 

apparatus. 

Figure 7 is a diagram illustrating a signal waveform in 

the signal processing unit of the conventional magnetic 

recording apparatus.· 

Figure 8 is a di·agram illustrating a deformation example 

o::f the cancel circuit according to the embodiment of the present 

invention. 

Best Mode for Carrying out the Invention 

(Embodiment 1) 

Hereinafter, a first embodiment of the present invention 

will be described with reference to figures l, 2 and B. 

Figure 1 is a circuit block diagram of a signal processing 

unit 61 in a magnetic recording apparatus of this embodiment. 

The same numerals are given to the same parts as those of the 
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signal processing unit 61 in the conventional magnetic 

recording apparat'!-15 shown in figure 6, and an explanation 

thereof is omitted~ 

Hereinafter, a cle.scription W:til be qiven of a point that 

the signal processing .. ·~nit 61 ac.~~~~ding to this embodiment: 

differs from the conventional sigJ,~i. processing unit 61. That 
. :;:0 

·•.· 

iS,, in the co.nventiona.l example, an· output signal .from the I-V 

converting unit 353 (or 354, 355) is outputted through the 

variable gain amplifying unit 476 (or 477-479) to an envelope 

curve detecting unit 356 (or 357-359}, as shown in figure 6 • 

However, in this embodiment, an output signal from the I-V 

converting unit 354 is subjected to voltage divisio~ by volt:age 

dividinq units 381 and 382, and the volta~e-divided output 

signals are :subjected to dittereritial calcu.lation with the 

output signals from the I-V conve~ting units 353 and 355 by 

differential arithmetic units 376 and 377, respectively, as 

shown in figure 1. 

Hereinafter, a description will be 9i ven of a reason why 

the signal processing unit 61 so constructed of this embodiment 

can cancel crosstalk between signals and detect a tracking error 

signal with reduced error. Since the t>lg11a.l sepaI:ation 

characteristics of the photosensitive parts 15A-15F of the 

photodetector 15 are not necessarily secur~blo enough on the 

structure, crosstalk of several percent occurs between the 

output signals from the photosensitive part~ lSA and 15B (or 
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150 and 15E) or the photosensitive parts lSB and 15C (or lSE 
. ~~~~ 

and 15F) . The shorter the distance_:~etween the photosensitive 

parts is, the more t:he atnount Of thfs\crosstalk lncreases. For 

example, when the output signal !r~fu the photosensltive part 
. ·· .. ~ 

!SB c.rossta,lks to the o.u"tput signal ~-fom the photosensitive pa:i::t 
·'/·~_. 

15C (or lSA) at a rati~ t: , the I4~J) c~nverting si.gnal v6 (o:i::: 
. :":·· ...... ~' .. : ~ 

v7) of the photosensitive part lSC'.i.s represented by formula 

( 8) • 

formula {8) 

v6=v60+ E v5 

In formula. (8)-, v60 is an ideal signa.l in which no crosstalk 

occurs between the slgnals. Accordin9ly, the amount of 

crosstalk which is increased as the distance between the 

photosensitive parts is shortened, can be minimized. It is 

clear from formula (8)_ that crosstalk between signals is 

canceled and an influence o:r crosstalk on the modulation factor 

as represented by Formula l is prevented by subjecting the 1-v 

converted signal vs from the photosensitive part 15B to vo.1tage 

division into the ratio equal to th·e crosstalk ratio E and then 

subjecting this voltage-divided output signal and the r-v 

converted signal v6 from the photosensitive part 15C to 

differential calculation. 

In this way, ae_eordin9 to this embodiment, an output 

signal among_three signals outputted from the photosensitive 

parts of the photodetector is subjected to voltage di vision and 



-19-

. : .'; ~:·;, 

the voltage-divided sJgnal is suq_~.'~cted to differential 

calculation with the o'l;her output:.(?~ .. ignals, whereby crosstalk 
·,: .. ::~{:~: ~ ·~:ii1il\ 

between the signals can pe canceled.'.i~\and a tracking error siqnal 
· .. ·:·=:-:~·. . ~)~:;:.<: 

with reduced error ca~;_::· be detect~;~? 

Further, in the.f.:Signal proqE¥;~sing unit 61 of this 
'-.; .. ..~}~i~:~~:~ 

embodiment, the output:signal fro~B'{\:he I-V converting unit is 
' .. .,:.. ···:-:····.· 

subjected to voltage division and differential calculation . 

. However, wherever the voltage-dividing unit and the 

differential arithmetic unit are used before the envelope cur\re 

detecting unit, crosstalk can be canceled. 

Further~ the voltage-di vi ding unit and the differential 

arithmetic unit are not r@quired to be independent c~rcuits. 

As shown in figure 2, in a typicai·differential arithmetic· 
:.·· 

amplifier, the voltage'7dividing ~~_it and the difrei;e11Llctl 

arithmetic unit are ea~:i.ly construc'ted by setting voltage gains 
·.·· 

on an inverse input side and on a .. non-inverse input side at 

suitable values, respectively. That is, when resistance 

values (Rl-R4) of resistors 501-504 satisfy a condition of 

formula (9), lVS in formula (8) can be subtracted from v6. 

formula (9) 

R4/ (R3+R4 )- ~ R2/ (Rl+R2) 

Further, in figure 2, a circuit structure where voltage 

gains on the inverse input side and on the non inverse input 

side are determined only by the resistors is described. However, 

the above-descrihed structure can be implemented also when a 
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··::. 

resistor, a capacitO~j a coil or the like is used singly or 

combined in series or.parallel to.make the circuit have 

appropriate frequency ·.charac:teri~;tics. Further, crosstalk 

between the signals c~n be cancel.'$..d with higher precision by 
.. : . ·. ·:;~{~:-

adj us ting the. voi tage\gains on tlj~·~ inverse input side and on 

the non-inverse input:'side to th~~f'optimum values, employing 
.. · "·>:;·::·:>.: 

variabie resistors or the like. Moreover, the variable gain 

amplifying unit 476 .cor 479) and the differential arithmetic 

unit 376 shown in figure 1 may be integrated using a digital 

potentiometer or the like as ta (a resistor 502) in figure 2, 

to cancel crosstalk. 

Furtlie.r, as shown in figure 8, when the out.pul signal from 

the I-V converting unit 353 {or 354, 355) is amplified by an 

inverse voltage amplifier composf:ad of the differential 

arithmetic amplifier 378 (or 379, . .,380) and the resistors 505 

and 506 (or 507, 508, 509, 510), .the output signal from the 

differential ari throetic amplifier 37 9 is inputted through the 

resistor 511 (or 512} to an inverse input terminal of ~he 

differential arithinetic amplifier 378 {or 380}, whereby 

crosstalk can be easily canceled. That is, a voltage gain of 

the inverse voltage amplifier can be obtained by dividing the 

resistance value of the resistor 506 by the resistance value 

of the resistor 511. This voltage gain corresponds to th~ 

voltage division ratio at the time when the I-V converted signal 

1.s subjected to voltage division by the voltage-dividing units 
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381 and 382 shown in figure _1. Ac::cordingly, here, a typical 

adder is constituted by ·the differieritial arithmetic amplifier 
. ·': ~ 

3'/8 (or 360) and resistors 505 (or.5.g9>, 511 (or 512), and 506, 
... , 

and the output siqnal from the differential·arithmetic unit 37~ 
. ·.; 

is inputt.ed to the differential ~·~·ithmetic amplifier 378, 
. . . . : 

. '.· . : :.~ 

whereby subtraction: o:e F. vs in forritula (a} f.rom v6 is achieved. 

Further, even in the ease where the resistors 505, 507, 

509, 511 and 512, and a coupling capacitor are connected in 

series to remove DC components of the siqnal, crosstalk can be 

canceled by selecting an appropriate c'apaci tance value. 
/ 

Industrial Availability 

As desc~ibed above, the magnetic.recording apparatus 
' "' 

according to the present invention detects a high-precision 

tracking error signal, with stability, and it is suitable for 

recording, reproducing or deleting information on/from a 

magnetic recording medium such as a fixed magnetic disc Ot' a 

floppy disc. 

•,. 
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CLAIMS 

1. A magnetic recording apparat~'s colllprising: 
...... ·. 

a disk-shaped. information r~g-~rding medium on which 

periodic physical changes providing.changes of reflectivity arc 

formed; 

a 1-ight source which outputs a light beam; 

a diffraction element which receives the beam ou.tputted 

from the light source and generates three beams; 

'!!-light-converging optical-system which converges the 

beams generated by the diffraction element on the information 

recording medium as a microspot; 

a photodetection means having three photosensitive parts 

which receive beams reflected and diffracted by the information 

recording medium and again transmt.tted in the aperture of the 

light-conv~rging opti~al system, and which output signals in 

accordance with the quantities of received light beams, 

respectively; 

a signal processing means which processes the ::slgnals 

outputted from the photodetection means to output a tracking 

error signal; 

a driving means,.which receives the tracking error signal 

outputted from the signal processing mean~, and determines a 

position of the beam on a desired track; 

a magnetic head which records information on the 
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information recording medium, or J:_eproduces or deletes 

information from the information £ecordinq medium; 

wherein the signal processin.g: means includes a cancel 

means which cancels crcisstalk that:'occurs between the signals 

outputted !rom three photosensiti-J~'°parL:;:, of the photodetection 

means. 

2. The magnetic recording apparatus of.Claim 1 wherein 

the signal processing means cancel i:; crosstalk which occurs 

between signals by the cancel means, and detects a tracking 

error signal with reduced error. 

3. The magnetic recording apparatus of Claim 1 wherein 

the cancel means cancels crosstalk from at l·east one signal 

among the three. signals outputted from the photodetection means 

to the other signal. 

4. The magnetic recording apparatus of Claim 1 wherein 

the cancel means comprises:. 

first and second voltage-dividing means which perform 

voltage divlsion on an output signal from a first photosensitive 

part of the photodetection means; 

a first differential arithmetic means which performs 

differential calculation on an output signal from a second 

photosensitive part of the photodetection means and an output 
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signal from the first voltage-div:iqing means; 

a second differential arithmetic means which performs 

dif :Cerential calculation on an ou'~_put signal frolll a third· 

photosensitive part of the photodet:~ction means and an output 
:' ··./. 

signal from tht:! second vol taqe-d:t'tlding means. 
·<•· .. , .. 

5. The magnetic rec::"ording apparatus of Claim 4 wherein 

the first and second voltage-dividing means have 

voltage-dividing r.atios approximately equal to the ratio at 

which the output signal !rom the tirst photosensitive part 

crosstalks to the output signa~s fro~ the second and third 

photosensitive parts. 

6. The magnetic recording apparatus of Claim 4 wherein 

the first and. second voltage~dividi~g means comprise 

resistors. 
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ABSTRAC'I'.··: 

There is provid~.d a magnetic :i;ecording apparr.itu~ which, 

even when crosstalk 6~cur~ betwe~~:~ignals form three 

photosensitive parts ·Qf a photode,t:~ctor, can detect a high-
.... ~f.· 

precision tracking error signal ~:~_th stability. 

In a signal processing unit 6i<which processes electrical 

signals outputted from photosensiti.ve part of a photodetector 

15 to detect a tracking error signal, an output signal from an 

I-V converting unit 354 is subjected to voltage division by 

voltage-dividing units 381 and 382, and the voltage-divided 

output signals and output signals from I-V converting units 353 

and "355 are subjected to dif!erential calculation by 

differential arithmetic units 376 and 377, respectively. 
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Fig.4 
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